INTRODUCTION
The management of urolithiasis in a solitary functioning kidney poses a serious clinical challenge for the urologist. The objective when treating these complex non-indexed patients is to yield high stone free rates whilst achieving minimal ancillary procedures, renal function compromise and post-intervention morbidity. Long-term preservation of existing renal function is paramount, since the lack of a contra-lateral functioning kidney leads to the loss of a compensatory advantage. Resultant hypertrophy and dilatation of the remaining renal parenchyma present a higher risk of haemorrhage, implicating further difficulties as a result of the loss of existing renal function [1] . In recent years, the advent of new generation flexible ureteroscopes has pushed the barriers of renal stone management [2] . The latest paradigms have seen these ureteroscopes employed effectively for a number of complex scenarios, including larger sized stones, pregnancy and obesity [3] . Percutaneous Nephrolithotomy (PCNL) and Shockwave Lithotripsy (SWL) are the other treatment modalities Introduction Management of urolithiasis in a solitary functioning kidney can be clinically challenging. The aim of this article was to review the outcomes of URS for patients with stone disease in a solitary kidney and critically appraise the existing evidence and outcome reporting standards.
Material and methods
We conducted a systematic review in line with PRISMA checklist and Cochrane guidelines between January 1980 and February 2015. Our inclusion criteria were all English language articles reporting on a minimum of 10 patients with a solitary kidney undergoing ureteroscopy for stone disease. Results A total of 116 patients (mean age 50 years) underwent URS for stones in solitary kidney. For a mean stone size of 16.8 mm (range: 5-60 mm) and 1.23 procedures/patient, the mean stone free rate was 87%. No significant change in renal function was recorded in any of the studies although a transient elevation in creatinine was reported in 10 (8.6%) patients. A total of 33 (28%) complications were recorded a majority (n = 21) of which were Clavien grade I. The Clavien grade II/III complications as reported by authors were urosepsis, steinstrasse and renal colic. None of the procedures required conversion to open surgery with no cases of renal haematoma or ureteric perforation. Conclusions This contemporary review highlights URS as a viable treatment option for stone disease in patients with a solitary kidney. It is associated with superior clearance rates to SWL and fewer high-risk complications compared to PCNL.
Quality assessment of studies
Levels of evidence and recommendation of the included studies were evaluated using the criteria set by the Centre for Evidence Based Medicine (CEBM) [5] . The quality of reporting outcomes was performed according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) statement [6] . The quality of procedure related complications reported was evaluated against the criteria set by the Martin's system [7] -a tool designed to aid accurate and comprehensive reporting of surgical complications.
RESULTS
A total of 192 studies were screened. Only 4 studies met the inclusion criteria and were included in the review [8] [9] [10] [11] (Figure 1 ). Three studies were case series and one was a cohort study (comparing URS with SWL), published between 2013 and 2014 (Tables 1 and 2 ).
Baseline characteristics
A total of 116 patients (69 males vs. 47 females) underwent ureteroscopy. All of the procedures were carried out under general anaesthesia. The mean age of this population was 49.6 years (range: 14-74). The mean BMI was reported in 2 studies and was 25.3 (range: 21-30) [9, 11] . Three studies provided details of the aetiology of the solitary kidney and a non-functioning for such cases. However, each is not without its pros and cons. The optimal treatment option must therefore be carefully considered, based on a number of factors unique to the patient. These should include renal function, age and body mass index, as well as cumulative stone diameter and location. Patient preference and surgeon experience also play a role in what should be a tailor-made decision. The outcomes of ureteroscopy (URS) for stones in a solitary kidney are still largely under-reported. The aim of this article is, therefore, to review the outcomes of URS for patients with stone disease in a solitary kidney. This will be followed by a critical appraisal of the existing evidence and outcome reporting standards.
MATERIAL AND METHODS

Search strategy
A systematic search of the literature was performed including the electronic databases: Pubmed, Medline, Scopus, Biomed Central, CINAHL, Web of Science, and EMBASE. Reference lists were crosschecked for relevant peer reviewed studies published between January 1980 and February 2015. Individual urological journals and conference proceedings were also hand-searched. A highly sensitive strategy was devised and implemented in line with the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) checklist and the Cochrane Collaboration guidelines [4] . Search terms used included 'ureteroscopy', 'stones', 'calculi', 'solitary', 'kidney', 'renal', 'laser', 'laser therapy' and 'urolithiasis'. Finally, Boolean operators (AND, OR) were employed to augment this methodical and comprehensive search. The list of studies generated by the search was screened to identify eligible studies. To meet the pre-defined inclusion criteria, studies had to report on at least 10 cases of patients with a solitary kidney undergoing URS for stone disease.
Data extraction
Two authors (P.J. and B.R.) extracted the data independently. Any discrepancies were resolved by consultation with the senior author (BS), by mutual agreement. It was the consensus of all authors that there was insufficient data to carry out a formal meta-analysis. The outcomes of interest were initial stone free rate (SFR), final SFR, post-operative creatinine, operative time and procedure related complications, graded according to the Clavien-Dindo system. Data was also extracted on baseline characteristics, including information on age, BMI, stone location and composition. for stones <20 mm, the final clearance rate was 100% but in the >20 mm group it was 92.3%. Gao et al. reported the stone free rate was 93.33% in the sub group with stones <20 mm and 85.71% in the >20 mm group.
Complications
All of the studies used the Clavien-Dindo grading system for complications. A total of 33 complications were recorded (28.4% of all patients). The majority (n = 21) of the complications were Clavien grade I ( Table 5 ). The remainder were Clavien grade II/III kidney (confirmed by dimercaptosuccinic acid renography) was determined to be the cause in the greatest number of cases (44.9%) [8, 10, 11] . The mean stone size was 16.8 mm (range: 5-60 mm). The majority of documented stones (62.3%) were composed of calcium oxalate (Table 2 ). Only one study reported the number of patients who underwent pre-operative stenting [11] . All of the studies mentioned the routine use of post-operative stenting [8] [9] [10] [11] . The mean follow up period was 14 months (range 3-72 months). However, only Giusti et al. recorded a follow up period, which exceeded 12 months [11] . Table 3 highlights the inclusion and exclusion criteria for each study.
Outcome measures
The mean number of procedures carried out was 1.23 (range: 1-4), the mean operating time was 64.9 minutes (range: 18-190 minutes) and for the 3 studies reporting the initial SFR, the mean value was 73.4% (range: 64.4-83.3%) [8, 10, 11] . Across all of the studies, the final (SFR) was 87.2% ( In the reporting of complications, the methods of accruing data were well defined and each study utilised a validated grading system. However, none of the studies provided evidence of risk stratification in their analyses, nor were mortality rates consistently recorded. Longer periods of follow up would allow for evaluation of late complications such as ureteral stenosis. Table 7 outlines the breakdown of complication reporting, according to the Martin criteria. The mean number of Martin criteria satisfied was 6.25/10 [7] .
DISCUSSION
This is the first systematic review to evaluate the outcomes of URS for urolithiasis in a solitary functioning kidney. The review suggests that URS is a feasible option in the management of single kidney calculi, with high stone free rates without significant compromise of biochemical renal functions. Meanwhile, it can still maintain an acceptable high-risk complication rate. The risk of obstructive uropathy from residual fragments is imminent in this cohort of patients. It is therefore vital that these patients are managed in a timely manner, so as to avoid life threatening consequences and permanent kidney damage -which would require future long-term renal replacement therapy. All of the patients in this review were post-operatively managed with a ureteric stent. This would seem a pragmatic approach in this cohort of patients, considering the risks associated with obstructing residual fragments.
complications. Transient elevation in creatinine was reported in 10 cases (8.6% of patients, Table 5 ). Interestingly, Yuruk et al. classified 5 cases of renal colic as grade 3a [9] . However, the authors did not mention the nature of the intervention. They suggested that the local population might have a lower pain threshold than normal. None of the procedures required conversion to open surgery. Furthermore, there were no cases of renal haematoma or ureteric perforation. Finally, across all of the studies there were no reported deaths.
Quality of included studies and outcome reporting
Overall, the scientific rationale and specific objectives were well reported by the 4 studies. However, the methods of follow up were poorly described. The studies also failed to discuss how potential sources of bias and loss to follow up data were addressed. All of the author groups discussed the relative limitations of their study, however they did not comment on the generalizability and thus external 
Table 6. STROBE checklist for included studies (Y -yes, N -no, P -partial)
concluded that insufficient evidence exists to suggest that SWL leads to chronic kidney disease [19] .
Percutaneous nephrolithotomy
PCNL is associated with the highest stone clearance rates, especially for large stone burdens and is superior to URS in this respect [10, 20] . However, the risk of haemorrhage is significant with PCNL [21] . El-Nahas et al., in their review of over 3800 PCNL cases, identified a solitary kidney as a significant risk factor for severe bleeding [1] . The rate of transfusion in patients with a single kidney has been recorded at 10% [22] . As for SWL, controversy exists in regards to the impact of PCNL on renal function. Akman et al. reported a stable or improved renal function in 90.1% of patients with a solitary kidney at the 6 month follow up post PCNL monotherapy [21] . Severe bleeding has been recorded in up to 17.5% of cases [23] . Other recorded complications include colonic injury and urinary extravastation. Bucuras et al. recorded fever and perforation(s) in 13.3% and 4.3% of cases respectively, in their study of PCNL in solitary kidneys [22] .
Safety
Patients on anticoagulant therapy or with known bleeding disorders cause added concern for SWL and PCNL treatment. Similarly, with the rise in obesity, a known risk factor for nephrolithiasis, SWL has limited feasibility. Technical success via PCNL is therefore very difficult to achieve. In contrast, URS has been proven safe for both patients with a bleeding diathesis and obese patients while still being able to yield effective outcomes [24, 25] . Furthermore, success rates for larger stones (20-40 mm) have been shown to be comparable to PCNL [26] . In comparison to URS, a greater number of studies have investigated the outcomes of PCNL in patients with a solitary kidney. However, most evidence has been drawn from retrospective single centre studies with small sample sizes. Wong et al. reported an initial SFR of 59% and final SFR of 77% in their retrospective analysis of 17 patients who underwent PCNL with a single functioning kidney [27] . Ozturk et al. have previously highlighted that while PCNL is an increasingly successful technique, it is the potential complication of major haemorrhage that is the critical factor which may favour selection of an alternative therapy such as URS [28] .
Limitations and implications for practice
There is a paucity of published data on the outcomes of patients with a solitary kidney undergoing URS
Shockwave lithotripsy
SWL offers a non-invasive approach and usually does not require general anaesthesia. SWL has been reported to yield lower stone clearance rates in comparison to both URS and PCNL [12] . The number of repeat sessions is also greater as reported by Resorlu et al. [13] . Only the study by Yuruk et al.. compared URS with another intervention (SWL). The authors recorded a notably lower final stone free rate of 66.6% in the URS group vs. 73.3% in the SWL group [9] . However, despite the SWL group recording a superior stone free rate, 7 patients required salvage URS and overall, the patients undergoing URS required a significantly lower number of sessions to achieve a stone free status ( Further research in the form of randomized studies, prospective collaborative studies or large volume single series are required to establish the safety and feasibility of URS in solitary kidneys. Furthermore, the comparison of outcomes of URS with SWL and PCNL in solitary kidneys will be required in a randomized control trial setting.
CONCLUSIONS
This contemporary review highlights URS as a viable treatment option for stone disease in patients with a solitary kidney; the technique is able to yield good stone clearance with minimal morbidity. URS is associated with superior clearance rates to SWL and fewer high-risk complications compared to PCNL. Further studies are needed, firstly to confirm these findings and secondly, to formally establish the role of ureteroscopy in the management of stone disease in the solitary kidney.
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for stone disease. A key limitation, therefore, in regard to this review is the low number of eligible studies. The majority of the studies were retrospective in design and all were carried out at single institutions. Heterogeneity was added to by the lack of standardized end points. Thus, a further limitation is the low quality of the included studies. As highlighted by the Clinical Research Office Of the Endourological Society (CROES) URS Global Study, there is no universally agreed criteria for declaring stone free status. And similarly, there is an entire range of imaging techniques which have been employed to detect residual fragments [29] . Somani et al. have recently suggested the use of "Stone Free Level" as an outcome measure of intervention for renal tract calculi [30] . This is a simple model; however, it will require acceptability and validation before being put to widespread use. More effort and research is required to design similar models.
Future research
For dissemination of widespread standardized practice, there is a requirement for high quality evidence.
